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(57) ABSTRACT 

The inventors found out that in the case of performing a loW 
gray scale display in Which a very small amount of current 
is supplied to a light emitting element, variations in thresh 
old voltages of driving transistors become notable since the 
gate-source voltage is loW. In vieW of this, the invention 
provides a display device in Which variations in the thresh 
old voltages of the driving transistors are reduced even in the 
loW gray scale display, and a driving method thereof. 
According to the invention, a gate-source voltage of the 
driving transistor is set higher in the loW gray scale display 
than that in the high gray scale display. As one mode to 
achieve this, different poWer source lines are provided for 
the loW gray scale display and the high gray scale display 
and their potentials are set to be diiferent. 

30 Claims, 12 Drawing Sheets 



U.S. Patent Sep. 11,2007 Sheet 1 0f 12 US 7,268,498 B2 

SW 20 

FIG. 1 



U.S. Patent Sep. 11,2007 Sheet 2 0f 12 US 7,268,498 B2 

2° 26/17/19 
._o/§ . H . 

SW11 0518 

_Q_ 

\ 
0-0 

25 @a QL-H 
SW 20b 

\ 
14 

WT 

FIG. 2 



U.S. Patent Sep. 11,2007 Sheet 3 or 12 US 7,268,498 B2 

is 
‘81-, 

CS 18 SW 20C 

o-———6 
SW 20d 

SW11 

25 

14 

777' 

FIG. 3 



U.S. Patent Sep. 11,2007 Sheet 4 0f 12 US 7,268,498 B2 

10 16 17 19 

42 l- / 
k 0 0 

40 Cs18 

._Q_ 

Q 

12 
..._Q__ 

41 
"J 13 ' 

14 

TIT 
43 

FIG. 4 



U.S. Patent Sep. 11,2007 Sheet 5 0f 12 US 7,268,498 B2 

42 _L 

' 40 H ' 
C318 

41 a 

25 F’ 
T 

41b 5 

14 T 

'ITT 

43a 0 

43b 0 

FIG. 5 



U.S. Patent Sep. 11,2007 Sheet 6 0f 12 US 7,268,498 B2 

)0 26/19 
42 _L 

I | 

40 CS 18 ._l_T_ 
41 d . 

"0 

25 ' 

14 

T77 

43C 0 

43d 0 

FIG. 6 



U.S. Patent Sep. 11,2007 Sheet 7 0f 12 US 7,268,498 B2 

FIG . direction of 
315 emitting light 3 6 

300 direction of 
emitting light 

Fl G . direction Of 
315 emitting light 3 6 1 3/ 7 ,r/ />(\/ i 

I 

, ________ _ 7 _ 

3; 30? 

FIG. 7C 

300 
direction of 
emitting light 



U.S. Patent Sep. 11,2007 Sheet 8 0f 12 US 7,268,498 B2 

FIG. 8A FIG. 8B 

‘HUI/I,’ 4105 
II’I'I'II'I 

I I’! I ‘I I I! I I II’ V4003 4101 
u 'u'égl/j 
@ 4002 4103 

4001 

FIG. 8C FIG. 8D 
4202 4201 4302 

4301 

4401 



U.S. Patent Sep. 11,2007 Sheet 9 0f 12 US 7,268,498 B2 

+ L/W=80/4 

+ L/W=1 20/4 
+ L/W=320/4 
+ L/W=480/4 

o 10 20 30 40 50 60 

Luminance 

FIG. 9 



U.S. Patent Sep. 11,2007 Sheet 10 0f 12 US 7,268,498 B2 

___,_________ 

--- 

'LOW 



U.S. Patent Sep. 11,2007 Sheet 11 0f 12 US 7,268,498 B2 

Low 

- - — — — — — — — — — — —-+----|- ------ ---| ------- --1-—- 

TFT41a 
"""""" " Low 

‘ “““““““ " High 

TFT41 b 
- - - ' - - - - " - - - - - ' " - - - - ' - - - - P - * ~ ~ - - - - 1 - - - - P - -' Low 



U.S. Patent Sep. 11,2007 Sheet 12 0f 12 US 7,268,498 B2 

2 Low 

------- -- * * H|gh 

TFT41c i 
---:F-—--;—---= ----------------------------- -- Low 

""""""" “ ‘Low 

----------- --------------------- -- -- High 

TFT40 LOW 

F ----+ ----------- --+ ----------- --High 

TFT41c ; 
------------ -- -Low 

------- -~ H|gh 

TFT41d g 
""5""T'"; """""""""""""""""" "Low 

FIG. 12B 



US 7,268,498 B2 
1 

DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a display device having a 

self-light emitting element. 
2. Description of the Related Art 
In recent years, a display device using a light emitting 

element (self-light emitting element) has been actively 
researched and developed. Such a display device is Widely 
used as a display of a portable phone or a monitor of a 
computer by taking advantages of high image quality, thin 
design, lightWeight and the like. In particular, such a display 
device provides high response speed suitable for displaying 
moving images, loW voltage, loW poWer consumption drive 
and the like, therefore, its Wide applications such as a neW 
generation portable phone and a portable information ter 
minal (PDA) are expected. 
A light emitting element is also referred to as an organic 

light emitting diode (OLED) and has a structure having an 
anode, a cathode, and a layer containing an organic com 
pound betWeen the anode and the cathode. The amount of 
current supplied to the light emitting element and a lumi 
nescence of the light emitting element are in a certain 
relationship. The light emitting element emits light at a 
luminescence according to the amount of current supplied to 
the layer containing the organic compound. 

The major methods for displaying a multi-gray scale 
image by a light emitting device using a light emitting 
element are a voltage input method and a current input 
method. According to the voltage input method, a video 
signal inputted to a pixel is inputted to a driving element, 
thereby a luminescence of the light emitting element is 
controlled. According to the current input method, a set 
signal current is supplied to a light emitting element, thereby 
a luminescence of the light emitting element is controlled. 
Both methods can employ an analog driving method (analog 
gray scale method) and a digital driving method (digital gray 
scale method). 

In order to prevent variations in characteristics of element 
driving thin ?lm transistors Which correspond to driving 
elements of light emitting elements in the voltage input 
method, a semiconductor device provided With a compen 
sating thin ?lm transistor betWeen a driving poWer source 
and the element driving thin ?lm transistor has been sug 
gested. 

[Patent Document 1] 
Japanese Patent Laid-Open No. 2002-175029 
In the aforementioned patent document, variations in the 

threshold voltage of transistors (referred to as driving tran 
sistors) Which control driving current according to gray 
scales is not taken into consideration. HoWever, the inven 
tors ?gured out that in the case of performing a loW gray 
scale display in Which a minute current is supplied to the 
light emitting element, variations in threshold voltages (Vth) 
become notable since a gate-source voltage (V gs) of the 
driving transistor, that is a potential difference betWeen the 
gate electrode and the source electrode is small. 

SUMMARY OF THE INVENTION 

The invention provides a display device in Which varia 
tions in threshold voltages (Vth) of driving transistors are 
reduced even in a loW gray scale display, and a driving 
method thereof. 
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2 
In vieW of the aforementioned, according to the invention, 

a gate-source voltage (V gs) of a driving transistor is raised 
higher than the conventional one in the loW gray scale 
display. As a result, effect of the variations in the threshold 
voltage (V th) of driving transistors can be less even in the 
loW gray scale display. As one mode of the invention, 
different poWer source lines are provided for the loW gray 
scale display and a high gray scale display, of Which 
potentials are determined to be different. By setting the 
potential of the poWer source line for the loW gray scale 
display higher than that of the poWer source line for the high 
gray scale display, a gate-source voltage (Vgs) of a driving 
transistor can be set high. 

In this case, a light emitting period (display period) is 
controlled for obtaining a predetermined loW gray scale 
display. As one mode of the invention, the driving transistor 
and the poWer source line are disconnected. As one mode of 
such a pixel con?guration, a sWitch is provided so that a 
current from the poWer source line is not supplied to the light 
emitting element. 

According to one mode of the display device of the 
invention, a signal line to Which an analog signal is inputted, 
a ?rst transistor and a second transistor for driving a light 
emitting element, and a sWitch for disconnecting the second 
transistor and a poWer source line are provided. By using the 
?rst transistor based on the analog signal, a current is 
supplied from a ?rst poWer source line to the light emitting 
element. By using the second transistor based on the analog 
signal, a current is supplied from a second poWer source line 
to the light emitting element, thus the sWitch is turned OFF 
per predetermined period, Which is after the predetermined 
period passes. In other Words, the second transistor and the 
light emitting element are disconnected by using the sWitch. 

According to the invention, effect of variations in thresh 
old voltages (Vth) of driving transistors can be suppressed in 
performing the loW gray scale display. As a result, luminance 
variations of light emitting elements can be reduced. 
By controlling the light emitting period using the sWitch 

in performing the loW gray scale display, increase in lumi 
nance due to high gate-source voltage (V gs) can be sup 
pressed, thus a predetermined luminance can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram shoWing a pixel circuit of the 
invention. 

FIG. 2 is a diagram shoWing a pixel circuit of the 
invention. 

FIG. 3 is a diagram shoWing a pixel circuit of the 
invention. 

FIG. 4 is a diagram shoWing a pixel circuit of the 
invention. 

FIG. 5 is a diagram shoWing a pixel circuit of the 
invention. 

FIG. 6 is a diagram shoWing a pixel circuit of the 
invention. 

FIGS. 7A to 7C are diagrams shoWing a pixel con?gu 
ration of the invention. 

FIGS. 8A to SE are vieWs shoWing electronic apparatuses 
each having a pixel circuit of the invention. 

FIG. 9 is a graph shoWing variations in currents ?oWing 
through driving transistors relative to gray scale. 

FIG. 10 is a timing chart of the invention. 
FIG. 11 is a timing chart of the invention. 
FIGS. 12A and 12B are timing charts of the invention. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

Although the invention Will be fully described by Way of 
example With reference to the accompanying drawings, it is 
to be understood that various changes and modi?cations Will 
be apparent to those skilled in the art. Therefore, unless such 
changes and modi?cations depart from the scope of the 
invention, they should be construed as being included 
therein. Note that identical portions in embodiment modes 
are denoted by the same reference numerals and detailed 
descriptions thereof are omitted. 

In the folloWing description, a transistor includes three 
electrodes: a gate, a source, and a drain, hoWever, the source 
electrode and the drain electrode in particular cannot be 
clearly distinguished because of the structure of the transis 
tor. Therefore, When describing connections betWeen the 
elements, one of the source electrode and the drain electrode 
is referred to as a ?rst electrode While the other is referred 
to as a second electrode. 

EMBODIMENT MODE 1 

In this embodiment mode, a pixel including a driving 
transistor for the high gray scale display and a driving 
transistor for the loW gray scale display is described. 

First, a pixel con?guration is described With reference to 
FIG. 1. The pixel con?guration of this embodiment mode 
includes a signal line 10 to Which an analog signal is 
inputted, a Write sWitch (SW11), a ?rst driving transistor 12 
for the high gray scale display, a second driving transistor 13 
for the loW gray scale display, and a light emitting element 
14. The ?rst driving transistor 12 and the second driving 
transistor 13 each has a function to drive the light emitting 
element 14. The ?rst driving transistor 12 and the second 
driving transistor 13 are electrically connected to the light 
emitting element 14. A ?rst poWer source line 16 is con 
nected to the ?rst driving transistor While a second poWer 
source line 17 is connected to the second driving transistor 
through a control sWitch (SW20). For example, the ?rst 
poWer source line 16 functions as an anode line for a high 
gray scale display While the second poWer source line 17 
functions as an anode line for a loW gray scale display. 
A capacitor line 19 is connected to the Write sWitch 11 

through a capacitor (Cs18) Which is not necessarily pro 
vided. In other Words, When the ?rst and second driving 
transistors each has a large gate capacitance and a leak 
current from each transistor is an acceptable amount, the 
capacitor is not required to be provided. For example, When 
the ?rst poWer source line or the second poWer source line 
has a constant potential, one of them can be used as a 
capacitor line. 

In such a pixel con?guration, a signal line for the high 
gray scale display and a signal line for the loW gray scale 
display are not required to be provided, thus reduction in the 
aperture ratio can be prevented. 

Next, an operation thereof is described. 
The signal line 10 is inputted With a video signal as an 

analog signal, that is an analog potential (hereinafter this 
signal is referred to as a video signal potential). The video 
signal potential for the high gray scale display is determined 
so that (a video signal potential for the high gray scale 
display):(a potential of an anode line for the high gray scale 
display-lVthl of the ?rst driving transistor) is satis?ed. When 
the video signal potential for the high gray scale display is 
determined like this, a predetermined current is supplied to 
the light emitting element from the anode line for the high 
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4 
gray scale display. Although a very small amount of current 
may be supplied from the anode line for the loW gray scale 
display, it can be ignored in many cases. 
The video signal potential for the loW gray scale display 

is determined so that (a potential of the anode line for the 
high gray scale display-lVthl of the ?rst driving transistor) 
<(a video signal potential for the loW gray scale display)<(a 
potential of the anode line for the loW gray scale display 
|Vth| of the second driving transistor) is satis?ed. When the 
video signal potential for the loW gray scale display is 
determined like this, a predetermined current is supplied to 
the light emitting element from the anode line for the loW 
gray scale display in the case of the loW gray scale display. 
On the other hand, a current is not supplied to the light 
emitting element from the anode line for the high gray scale 
display in the high gray scale display of this state. 

Based on such a video signal potential, a current is 
supplied to the light emitting element 14 from the ?rst 
driving transistor 12 in the high gray scale display. Speci? 
cally, When the Write sWitch 11 is turned ON, a charge is 
accumulated in the capacitor 18. After that, When a gate 
source voltage (lVgsl) of the ?rst driving transistor 12 
becomes higher than the threshold voltage (lVthl), the ?rst 
driving transistor 12 is turned ON. Then, a current according 
to a predetermined luminance is supplied from the ?rst 
poWer source line. As described above, depending on the 
video signal voltage and a voltage of the anode line, a very 
small amount of current is supplied from the anode line for 
the loW gray scale display as Well, hoWever, it can be ignored 
in many cases. The video signal voltage and the voltage of 
the anode line can be determined in consideration of the very 
small amount of current as Well. 

In the loW gray scale display, a current is supplied from 
the second driving transistor 13 to the light emitting element 
14. Speci?cally, When the Write sWitch 11 is turned ON, a 
charge is accumulated in the capacitor 18 similarly to the 
high gray scale display. After that, When a gate-source 
voltage (lVgsl) of the second driving transistor 13 becomes 
higher than the threshold voltage (lVthl), the second driving 
transistor 13 is turned ON. Then, a current according to a 
predetermined luminance is supplied from the second poWer 
source line. In this manner, the light emitting element 14 
emits light. Even When the Write sWitch 11 is turned OFF, the 
light emitting element can keep emitting light by using the 
charge accumulated in the capacitor. 

In the loW gray scale display, the light emission period can 
be shortened by using the control sWitch 20. Speci?cally, 
after a predetermined period passes, the control sWitch 20 is 
turned OFF. As a result, |Vgs| of the driving transistor 13 for 
the loW gray scale display can be set higher, thus an effect 
of variations in the threshold voltage can be reduced. In the 
case of shortening the light emission period by 1/s, for 
example, |Vgs| high enough to supply a current ?ve times as 
much can be applied to the second driving transistor 13. 
Then, the control sWitch 20 is turned OFF and the light 
emission period is shortened so that a predetermined lumi 
nance can be obtained. It is to be noted that the control 
sWitch 20 can operate by a line sequential scanning at the 
same frequency as the Write sWitch 11. 

In this embodiment mode, sWitches such as the Write 
sWitch 11 and the control sWitch 20 can be formed of an 
analog sWitch and the like. FIG. 4 shoWs a pixel circuit in 
Which a thin ?lm transistor (TFT) containing polycrystalline 
silicon is used for the sWitches and each transistor of a pixel. 
A transistor 40 corresponding to the Write sWitch 11 (also 

referred to as a sWitching transistor) and a transistor 41 
corresponding to the control sWitch 20 are provided. The 
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transistor 40 is formed of an n-channel TFT While the 
transistor 41 is formed of a p-channel TFT. It is to be noted 
that the transistor 40 may have a multi-gate structure in 
Which a plurality of gate electrodes are provided for one 
semiconductor ?lm, for example a double-gate structure in 
Which tWo gate electrodes are provided. A gate of the 
transistor 40 is connected to a ?rst scan line 42 While a gate 
of the transistor 41 is connected to a second scan line 43. The 
transistors 12 and 13 can be formed of p-channel TFTs. 

It is to be noted that an operating region of a TFT can be 
divided into a linear region and a saturation region. It is 
preferable that the transistors 40 and 41 that function as 
sWitches operate in the linear region While the transistors 12 
and 13 for driving the light emitting element 14 operate in 
the saturation region. 

For the transistor, an amorphous silicon thin ?lm transis 
tor or other thin ?lm transistors can be used as Well as a 

polycrystalline silicon thin ?lm transistor. In other Words, 
the structure of a transistor is not limited in this embodiment 
mode. 

In such a pixel, a timing at Which the transistor 41 
corresponding to the control sWitch is turned ON or OFF is 
determined. The control sWitch and the Write sWitch can 
operate at the same driving frequency and they may also 
operate by a line sequential scanning. Accordingly, the 
driving, that is the operation of the pixel in this embodiment 
mode can be simpli?ed. 

FIG. 10 is a timing chart of the transistors 40 and 41. A 
High signal or a LoW signal is inputted to the transistors 40 
and 41 in one frame period. In this embodiment mode, a 
LoW signal is inputted to the transistor 41 in 30% of one 
frame period. Then, the light emission period in the loW gray 
scale display can be 30%. By setting the period in Which a 
LoW signal is inputted to the transistor 41 to be as long as 
an integral multiple of the period in Which a High signal is 
inputted to the transistor 40, they can operate at the same 
driving frequency. 

The timing at Which a High signal or a LoW signal is 
inputted to these sWitches is not limited to FIG. 10. For 
example, the transistors 40 and 41 may be turned ON at the 
same time. This is because drivers for the transistors 40 and 
41 are provided respectively. The period in Which a LoW 
signal is inputted to the transistor 41 is not limited to FIG. 
10. In the case of performing the loW gray scale display, for 
example, a period in Which a LoW signal is inputted to the 
transistor 41 can be determined according to the gate-source 
voltage (lVgsl) of the second driving transistor 13. 
By turning ON and OFF the transistor 41, a predetermined 

luminance can be obtained in the loW gray scale display even 
in the case of increasing the gate-source voltage (lVgsl) of 
the second driving transistor 13. 

Heretofore described is the case of dividing the gray 
scales into the high gray scale display and the loW gray scale 
display, hoWever, they may be divided into three or more 
groups as Well. For example, by providing ?rst to third 
poWer source lines as anode lines for the high gray scale 
display, the middle gray scale display, and the loW gray scale 
display and providing driving transistors connected to each 
of them, the gray scales can be displayed as the high gray 
scale display, the middle gray scale display, and the loW gray 
scale display. 

According to this embodiment mode, the gate-source 
voltage (lVgsl) of the driving transistor can be set higher in 
the loW gray scale display, therefore, an effect of variations 
can be reduced. Moreover, a signal line for the high gray 
scale display and a signal line for the loW gray scale display 
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6 
are not required to be provided additionally, thus it can be 
prevented that the aperture ratio is reduced. 

EMBODIMENT MODE 2 

In this embodiment mode, a pixel con?guration different 
than that of the Embodiment Mode l is described. 
As shoWn in FIG. 2, the pixel con?guration of this 

embodiment mode is different than Embodiment Mode l in 
that a driving transistor 25, and a ?rst control sWitch 
(SW20a) and a second control sWitch (SW20b) connected to 
one electrode of the driving transistor 25 are provided. For 
example, the ?rst poWer source line 16 functions as an anode 
line for the high gray scale display While the second poWer 
source line 17 functions as an anode line for the loW gray 
scale display. The other parts of the pixel con?guration are 
similar to those of Embodiment Mode 1, therefore, the 
description thereof is omitted. In this embodiment mode 
also, the capacitor line 19 is not necessarily provided. For 
example, When the ?rst poWer source line or the second 
poWer source line has a constant potential, one of them can 
be used as a capacitor line. 

In such a pixel con?guration, a signal line for the high 
gray scale display and a signal line for the loW gray scale 
display are not required to be provided, thus it can be 
prevented that the aperture ratio is reduced. 

Next, an operation thereof is described. 
In this embodiment mode, a video signal voltage inputted 

to the signal line is determined similarly to Embodiment 
Mode 1. Based on such a video signal voltage, the ?rst 
control sWitch (SW20a) and the second control sWitch 
(SW20b) are determined to be turned ON or OFF according 
to the high gray scale display or the loW gray scale display. 
That is to say, the ?rst control sWitch (SW20a) and the 
second control sWitch (SW20b) are sWitched over exclu 
sively. As a result, it can be selected that the driving 
transistor 25 is connected to the ?rst poWer source line 16 or 
the second poWer source line 17. By sWitching over this 
connection, a gate-source voltage (lVgsl) of the driving 
transistor is sWitched over. Then, a light emitting element 
emits light based on the video signal for the loW gray scale 
display or the high gray scale display. It is to be noted that 
the ?rst and second control sWitches 20a and 20b can 
operate by a line sequential scanning at the same frequency 
as the Write sWitch 11. 

For example, in the case Where a video signal for the loW 
gray scale display is inputted, a current does not How even 
When the driving transistor is connected to the ?rst poWer 
source line 16 for the high gray scale display since |Vgs| of 
the driving transistor 25 is loW. When the driving transistor 
25 is connected to the second poWer source line 17 for the 
loW gray scale display by sWitching over the control sWitch, 
current ?oWs since |Vgs| is high, thus the light emitting 
element 14 emits light. In this manner, the loW gray scale 
display or the high gray scale display can be performed. 

In the loW gray scale display, by sWitching over the ?rst 
control sWitch (SW20a) and the second control sWitch 
(SW20b), the light emission period can be shortened. As a 
result, |Vgs| of the driving transistor 25 for the loW gray scale 
display can be high, thus an effect of variations in threshold 
voltages can be reduced. 

In this embodiment mode, sWitches such as the Write 
sWitch 11 and the control sWitch 20a and 20b can be formed 
of an analog sWitch and the like. FIG. 5 shoWs a pixel circuit 
in Which a thin ?lm transistor (TFT) containing polycrys 
talline silicon is used for the sWitches and each transistor of 
a pixel. 
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The transistor 40 corresponding to the Write switch 11 
(also referred to as a switching transistor) and transistors 41a 
and 41b corresponding to the control sWitches 20a and 20b 
are provided. The transistor 40 is formed of an n-channel 
TFT While the transistors 41a and 41b are formed of 
p-channel TFTs. It is to be noted that the transistor 40 may 
have a multi-gate structure in Which a plurality of gate 
electrodes are provided for one semiconductor ?lm, for 
example a double-gate structure in Which tWo gate elec 
trodes are provided. The gate of the transistor 40 is con 
nected to a ?rst scan line 42 While gates of the transistors 41a 
and 41b are connected to a second scan line 43a and a third 
scan line 43b respectively. It is to be noted that by changing 
the polarity of the transistors 41a and 41b, the second scan 
line 43a and the third scan line 43b can be shared. As a 
result, the aperture ratio of the pixel can be increased. The 
transistor 25 can be formed of a p-channel TFT. 

It is to be noted that an operating region of a TFT can be 
divided into a linear region and a saturation region. It is 
preferable that the transistors 40, 41a and 41b that function 
as sWitches operate in the linear region While the transistor 
25 for driving the light emitting element 14 operates in the 
saturation region. 

For the transistor, an amorphous silicon thin ?lm transis 
tor or other thin ?lm transistors can be used as Well as a 

polycrystalline silicon thin ?lm transistor. In other Words, 
the structure of a transistor is not limited in this embodiment 
mode. 

In such a pixel, a timing at Which the transistors 41a and 
41b corresponding to the control sWitches 20a and 20b are 
turned ON or OFF is determined. For example, it can be 
determined so that the transistor 41a is turned ON in 95% of 
one frame period While the transistor 41b is turned ON in the 
rest 5% thereof. As a result, the light emission period can be 
shortened in the loW gray scale display. In other Words, even 
in the case of increasing a gate-source voltage (lVgsl) of the 
second driving transistor, a loW gray scale display at a 
predetermined luminance can be performed. 

The control sWitch and the Write sWitch can operate at the 
same driving frequency and they may also operate by a line 
sequential scanning as Well. Accordingly, the driving, that is 
the operation of the pixel in this embodiment mode can be 
simpli?ed. 

FIG. 11 is a timing chart of the transistors 40, 41a and 
41b. A High signal or a LoW signal is inputted to the 
transistors 40, 41a and 41b in one frame period. In this 
embodiment mode, the description is made on the case 
Where the transistors 41a and 41b are p-channel transistors. 
A High signal is inputted to the transistor 41a and a LoW 
signal is inputted to the transistors 41b at the same time. In 
the case of using the transistors 41a and 41b as shoWn in 
FIG. 5, a High or LoW signal is to be inputted thereto at the 
same time. In this embodiment mode, a High signal is 
inputted to the transistor 41a and a LoW signal is inputted to 
the transistor 41b in 30% of one frame period. Accordingly, 
the light emission period in the loW gray scale display can 
be 30% of one frame period. By setting the period in Which 
a High signal is inputted to the transistors 41a and 41b to be 
as long as an integral multiple of the period in Which a High 
signal is inputted to the transistor 40, they can operate at the 
same driving frequency. 
The timing at Which a High signal or a LoW signal is 

inputted to these transistors is not limited to FIG. 11. For 
example, a High signal to the transistor 41a and a LoW signal 
to the transistor 41b may be inputted at the same time as the 
transistor 40. This is because drivers for the transistors 40, 
41a and 41b are provided respectively. The period in Which 
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a High signal is inputted to the transistor 41a is not limited 
to FIG. 11. In the case of performing a loW gray scale 
display, for example, a period in Which the transistors 41a 
and 41b are turned ON can be determined according to the 
gate-source voltage (lVgsl) of the driving transistor 25. 

Heretofore described is the case of dividing the gray 
scales into the high gray scale display and the loW gray scale 
display, hoWever, they may be divided into three or more 
groups as Well. For example, by providing ?rst to third 
poWer source lines as anode lines for the high gray scale 
display, the middle gray scale display, and the loW gray scale 
display and providing control sWitches connected to each of 
them, the gray scales can be displayed as the high gray scale 
display, the middle gray scale display, and the loW gray scale 
display. 

EMBODIMENT MODE 3 

In this embodiment mode, a pixel con?guration different 
than that of Embodiment Modes 1 and 2 is described. 
As shoWn in FIG. 3, a pixel con?guration of this embodi 

ment mode is different than that of Embodiment Mode 2 in 
that a ?rst control sWitch (SW20c) is provided betWeen the 
capacitor 18 and a poWer source line 26, a second control 
sWitch (SW20d) is provided betWeen the capacitor 18 and 
the capacitor line 19, and the transistor 25 is connected to the 
poWer source line 26. For example, the poWer source line 26 
functions as an anode line for the high gray scale display 
While the capacitor line 19 functions as an anode line for the 
loW gray scale display. The other parts of the pixel con?gu 
ration are similar to those in Embodiment 2, therefore, the 
description thereof is omitted here. 

According to the pixel con?guration of this embodiment 
mode, the aperture ratio can be increased since the number 
of poWer source lines is small. Further, this embodiment 
mode is similar to Embodiment Modes 1 and 2 in that a 
signal line for the high gray scale display and a signal line 
for the loW gray scale display are not required to be provided 
additionally. 
A video signal potential in such a pixel con?guration is 

determined as described beloW. A video signal potential for 
the high gray scale display is determined so that (a video 
signal potential for the high gray scale display):(a potential 
of an anode line for the high gray scale display-lVthl of a 
driving transistor) is satis?ed, similarly to Embodiment 
Mode l. 
A video signal potential for the loW gray scale display is 

determined so that (a potential of a capacitor line-lVthl of a 
driving transistor)<(a potential of a poWer source line-lVthl 
of the driving transistor)<(a video signal potential for the 
loW gray scale display) is satis?ed. This is called a condition 
1 . Alternatively, (the potential of the poWer source line-lVthl 
of the driving transistor)<(the video signal potential for the 
loW gray scale display)<(the potential of the capacitor 
line-lVthl of the driving transistor) is to be satis?ed. This is 
called a condition 2. Further, (the video signal potential for 
the loW gray scale display)—{(the potential of the poWer 
source line)—(the potential of the capacitor line)}<(the 
potential of the poWer source line-lVthl of the driving 
transistor) is satis?ed. This is called a condition 3. Such a 
video signal potential for the loW gray scale display is 
determined by turning ON either the ?rst control sWitch 
(SW20c) or the second control sWitch (SW20d) When Writ 
ing the video signal. 

In the loW gray scale display, the light emission period can 
be shortened by the control sWitches 20c and 20d. At the 
same time, by changing the control sWitches 20c and 20d by 
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a potential difference between the capacitor line 19 and the 
power source line 26, |Vgs| of the driving transistor 25 can 
be increased, thus an effect of variations in threshold volt 
ages can be reduced. It is to be noted that the ?rst and the 
second control sWitches 20c and 20d can operate by a line 
sequential scanning at the same frequency as the Write 
sWitch 11. 

In this embodiment mode, sWitches such as the Write 
sWitch 11 and the control sWitches 20c and 20d can be 
formed of an analog sWitch and the like. FIG. 6 shoWs a 
pixel circuit in Which a thin ?lm transistor (TFT) containing 
polycrystalline silicon is used for the sWitches and each 
transistor of a pixel. 

The transistor 40 corresponding to the Write sWitch 11 
(also referred to as a sWitching transistor) and the transistors 
41a and 41b corresponding to the control sWitches 20c and 
20d are provided. The transistor 40 is formed of an n-chan 
nel TFT While the transistors 41a and 41b are formed of 
p-channel TFTs. It is to be noted that the transistor 40 may 
have a multi-gate structure in Which a plurality of gate 
electrodes are provided for one semiconductor ?lm, for 
example a double-gate structure in Which tWo gate elec 
trodes are provided. The gate of the transistor 40 is con 
nected to the ?rst scan line 42 While the gates of the 
transistors 41a and 41b are connected to the second scan line 
430 and a third scan line 43d respectively. It is to be noted 
that by changing the polarity of the transistors 41a and 41b, 
the second scan line 430 and the third scan line 43d can be 
shared. As a result, the aperture ratio of the pixel can be 
increased. The transistor 25 can be formed of a p-channel 
TFT. 

It is to be noted that an operating region of a TFT can be 
divided into a linear region and a saturation region. It is 
preferable that the transistors 40, 41a and 41b that function 
as sWitches operate in the linear region While the transistor 
25 for driving the light emitting element 14 operates in the 
saturation region. 

For the transistor, an amorphous silicon thin ?lm transis 
tor or other thin ?lm transistors can be used as Well as a 

polycrystalline silicon thin ?lm transistor. In other Words, 
the structure of a transistor is not limited in this embodiment 
mode. 

In such a pixel, a timing at Which the transistors 41a and 
41b corresponding to the control sWitches 20c and 20d are 
turned ON or OFF is determined. For example, the transistor 
41a is turned ON in 95% of one frame period While the 
transistor 41b is turned ON in the rest 5% thereof. On the 
contrary, the transistor 41b may be turned ON in 95% of one 
frame period While the transistor 41a is turned ON in the rest 
5% thereof. As a result, the light emission period can be 
shortened in the loW gray scale display. In other Words, even 
in the case of increasing a gate-source voltage (lVgsl) of the 
second driving transistor, a loW gray scale display at a 
predetermined luminance can be performed. 

The control sWitch and the Write sWitch can operate at the 
same driving frequency and they may also operate by a line 
sequential scanning as Well. Accordingly, the driving, that is 
the operation of the pixel in this embodiment mode can be 
simpli?ed. 

FIGS. 12A and 12B are timing charts of the transistors 40, 
41c and 41d in the conditions 1 and 2 respectively. A High 
signal or a LoW signal is inputted to the transistors 40, 41c 
and 41d in one frame period in FIGS. 12A and 12B. FIGS. 
12A and 12B are similar to each other in that a LoW signal 
is inputted to the transistor 410 or 41d connected to a high 
potential side of the poWer source line 26 and the capacitor 
line 19 When Writing a video signal. That is to say, a High 
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10 
or LoW signal is to be inputted to the transistor 410 or 41d 
according to the condition 1 or 2. In this embodiment mode, 
a period in Which a LoW signal is inputted to the transistor 
41c and a period in Which a High signal is inputted to the 
transistor 41d are 30% of one frame period in the condition 
1. In the condition 2, a period in Which a High signal is 
inputted to the transistor 41c and a period in Which a LoW 
signal is inputted to the transistor 41d are 30% of one frame 
period. Then, a light emission period in the loW gray scale 
display can be set 30%. By determining a period in Which a 
High signal is inputted to the transistor 410 so as to be as 
long as an integral multiple of a period in Which a High 
signal is inputted to the transistor 40, they can operate at the 
same frequency. 
The timing at Which a High signal or a LoW signal is 

inputted to these sWitches is not limited to FIGS. 12A and 
12B. For example, a High signal may be inputted to the 
transistor 41c and a LoW signal may be inputted to the 
transistor 41d at the same time as the transistor 40. HoWever, 
it is not easy to sWitch over a signal to the transistors 41c and 
41d When the transistor 40 is at High. This is because the 
transistors 41c and 41d are provided betWeen the capacitor 
18 and the poWer source line 26, and betWeen the capacitor 
18 and the capacitor line 19 respectively. Speci?cally, When 
accumulating a charge into the capacitor 18 based on a video 
signal voltage When the transistor 40 is selected, the tran 
sistors 41c and 41d are required to be ?xed ON or OFF. 
Moreover, a period in Which a High signal is inputted to the 
transistors 41c and 41d is not limited to FIGS. 12A and 12B. 
In the case of the loW gray scale display, for example, a 
period in Which transistors 41c and 41d are turned ON can 
be determined according to the gate-source voltage (lVgsl) of 
the driving transistor 25. 

Heretofore described is the case of dividing the gray 
scales into the high gray scale display and the loW gray scale 
display, hoWever, they may be divided into three or more 
groups as Well. For example, by providing ?rst and second 
capacitor lines and control sWitches connected to each of 
them, the gray scales can be displayed as the high gray scale 
display, the middle gray scale display, and the loW gray scale 
display. 

EMBODIMENT MODE 4 

In this embodiment mode, a pixel con?guration having a 
light emitting element is described. It is to be noted that a 
thin ?lm transistor (TFT) containing polycrystalline silicon 
is used as a transistor in this embodiment mode. 
As shoWn in FIG. 7A, a p-channel driving TFT (TFT is 

employed as a transistor) 301 provided over a substrate 300 
having an insulating surface can have a crystalline silicon 
?lm as a semiconductor ?lm. A crystalline semiconductor 
?lm can be formed by thermal crystallisation or by laser 
irradiation, or using a catalytic effect of a metal element such 
as nickel and titanium. In the case of irradiating laser, laser 
light from a continuous oscillation laser (CW laser) or a 
pulsed oscillation laser (a pulsed laser) can be used. For the 
laser light, one or a plurality of an Ar laser, a Kr laser, an 
excimer laser, a YAG laser, a YZO3 laser, a YVO4 laser, a 
YLF laser, a YAlO3 laser, a glass laser, a ruby laser, an 
alexandrite laser, a Ti: sapphire laser, a copper vapor laser, 
or a gold vapor laser can be used. By irradiating a funda 
mental Wave of such laser light, and second to fourth 
harmonic Waves of the fundamental Wave, large grain crys 
tals can be formed. For example, a second harmonic (532 
nm) and a third harmonic (355 nm) of a Nd: YVO4 laser 
(fundamental Wave of 1064 nm) can be used. 



US 7,268,498 B2 
11 

A gate electrode and a gate line are provided over the 
semiconductor ?lm With a gate insulating ?lm interposed 
therebetWeen. The semiconductor ?lm under the gate elec 
trode corresponds to a channel forming region. The semi 
conductor ?lm includes an impurity region corresponding to 
a source region or a drain region. The impurity region can be 
formed in a self-aligned manner by adding impurity ele 
ments such as boron to the semiconductor ?lm With the gate 
electrode as a mask. A ?rst insulating ?lm 316 is provided 
so as to cover the gate electrode, and contact holes are 
provided in the ?rst insulating ?lm over the impurity region 
of the semiconductor ?lm. Wirings are provided in the 
contact holes, Which function as a source Wiring and a drain 
Wiring. The insulating ?lm can be formed of an organic 
material and an inorganic material. For the organic material, 
a photosensitive or non-photosensitive organic material (an 
organic resin material such as polyimide, acrylic, polya 
mide, polyimide amide, benZocyclobutene, and siloxane) 
and a resist can be used. Siloxane is a material Which is 
composed of a skeleton formed by the bond of silicon and 
oxygen and Which includes either an organic group contain 
ing at least hydrogen (such as an alkyl group or aromatic 
hydrocarbon) or a ?uoro group or both as a substituent. 

Alternatively, a ?uoro group may be used as the substituent. 
For the inorganic material, an insulating ?lm containing 
oxygen or nitrogen, such as a silicon oxide (SiOx), silicon 
nitride (SiNx), silicon oxynitride (SiOxNy) (x>y), silicon 
nitride oxide (SiNxOy) (x>y) (x, y:l, 2 . . . ) and polysila 
Zane, Which is formed from a liquid material including a 
polymer material having a bond of silicon (Si) and nitrogen 
(N), can be used. For the insulating ?lm, a stacked-layer 
structure of these ?lms may be used as Well. For the 
insulating ?lm, in particular, it is preferable to form an 
organic material for planariZing the ?lm and then an inor 
ganic material thereover for preventing moisture and oxygen 
from being absorbed in the organic material. 
A ?rst electrode 311 of a light emitting element is pro 

vided so as to be electrically connected to a drain electrode. 
The ?rst electrode 311 functions as an anode of the light 
emitting element. A second insulating ?lm is provided so as 
to cover the ?rst electrode 311. The second insulating ?lm 
317 has an aperture on the ?rst electrode. An electrolumi 
nescent layer 312 is provided in the aperture and a second 
electrode 313 of the light emitting element is provided so as 
to cover the electroluminescent layer and the second insu 
lating ?lm. The second electrode functions as a cathode of 
the light emitting element. That is, the light emitting element 
includes the ?rst electrode 311, the electroluminescent layer 
312, and the second electrode 313. 

The electroluminescent layer 312 includes an HIL (hole 
injection layer), an HTL (hole transporting layer), an EML 
(light emitting layer), an ETL (electron transporting layer), 
and an EIL (electron injection layer) stacked in this order 
from the ?rst electrode 311 side. Typically, CuPu is used for 
the HIL, a-NPD is used for the HTL, BCP is used for the 
ETL, and BCPzLi is used for the EIL. 

For the electroluminescent layer 312, materials Which 
exhibit red (R), green (G), and blue (B) color light emissions 
can be used. As a result, a full color display can be 
performed. Such materials Which exhibit red (R), green (G), 
and blue (B) color light emissions may be selectively formed 
by an evaporation method using an evaporation mask, a 
droplet discharging method (also referred to as an ink-jetting 
method) and the like. Speci?cally, CuPu or PEDOT is used 
for the HIL, a-NPD is used for the HTL, BCP or Alq3 is used 
for the ETL, and BCPzLi or CaF2 is used for the EIL. For 
example, Alq3 doped With a dopant (DCM and the like for 
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R and DMQD and the like for G) corresponding to each light 
emission color of R, G, and B may be used for the EML. 
The structure of the electroluminescent layer 312 is not 

limited to the aforementioned stacked-layer structure. For 
example, the electroluminescent layer 312 may have any of 
a single layer structure, a stacked-layer structure, and a 
mixed-layer structure having no interfaces betWeen the 
layers. Moreover, a singlet material, a triplet material, or a 
mixed material of them can be used. For example, a triplet 
material is used as a material Which exhibits red color (R) 
light emission While a single material can be used as a 
material Which exhibits green color (G) and blue color (B). 
Furthermore, any of an organic material containing a loW 
polymeric material, a high polymeric material, and a middle 
polymeric material, an inorganic material typi?ed by molyb 
denum oxide superior in electron injection property, a mixed 
material of organic and inorganic materials may be used. 

In the case of forming an electroluminescent layer Which 
exhibits White color light emission, a color ?lter, or a color 
?lter and a color conversion layer, and the like may be 
additionally provided. As a result, a full color display can be 
performed. This color ?lter and the color conversion layer 
can be formed over a second substrate 315 Which is to be 
attached to the ?rst substrate thereafter. 
The material of the ?rst electrode 311 and the second 

electrode 313 are selected in consideration of the Work 
function. 

For example, the ?rst electrode 311 Which functions as an 
anode is preferably formed of a metal, an alloy, a conductive 
compound, and a mixture of them, each having a large Work 
function (Work function of 4.0 eV or higher). As speci?c 
materials, ITO (indium tin oxide), IZO (indium Zinc oxide) 
obtained by mixing 2 to 20% of Zinc oxide (ZnO) into 
indium oxide, gold (Au), platinum (Pt), nickel (Ni), tungsten 
(W), chromium (Cr), molybdenum (Mo), iron (Fe), cobalt 
(Co), copper (Cu), palladium (Pd), or nitride of a metal 
material (TiN) and the like can be used. 
On the other hand, the second electrode 313 Which 

functions as a cathode is preferably formed of a metal, an 
alloy, a conductive compound, and a mixture of them, each 
having a loW Work function (a Work function of 3.8 eV or 
loWer). As speci?c materials, there are elements belonging 
to group 1 or 2 of Periodic Table of Elements, that are an 
alkaline metal such as Li and Cs, Mg, Ca, and Sr, an alloy 
containing these (MgzAg, AlzLi), a compound (LiF, CsF, 
CaF2), and a transition metal containing a rare earth metal. 
Moreover, When the second electrode is required to transmit 
light, the aforementioned metal or alloy containing them 
may be formed quite thin and stacked to a metal such as ITO 
(including an alloy). 
The ?rst electrode 311 and the second electrode 313 can 

be formed by an evaporation method, a sputtering method, 
an ink-jetting method and the like. 
The ?rst electrode 311 and the second electrode 313 can 

both be an anode or a cathode according to the pixel 
con?guration. For example, in the case of forming the 
driving TFT as an n-channel TFT, the ?rst electrode 311 
functions as a cathode While the second electrode 313 
functions as an anode. In the case of forming the driving 
TFT as an n-channel TFT, other TFTs in the pixel can be 
formed of n-channel TFTs. As a result, a TFT manufacturing 
process can be simpli?ed. 

It is preferable to provide a passivation ?lm 314 contain 
ing nitrogen over the second electrode 313. For example, a 
silicon nitride ?lm is preferable. A diamond-like carbon 
(DLC) ?lm may be provided as the passivation ?lm as Well. 
The passivation ?lm 314 can be formed by a sputtering 
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method and a CVD method. The passivation ?lm 314 can 
prevent moisture and oxygen that cause degradation from 
entering. 

The space betWeen the ?rst substrate 300 and the second 
substrate (sealing substrate) 315 attached to each other may 
be injected With nitrogen, and a drying agent may be 
additionally provided therein. Instead of injecting nitrogen, 
the space may be ?lled With a resin Which transmits light and 
has high Water absorbing property as Well. As a result, 
oxygen and moisture can be prevented from entering. 

After attaching the ?rst substrate 300 and the second 
substrate 315 to each other, the edges of these substrates may 
be covered With the ?rst electrode 311, the second electrode 
313, other electrodes, and an insulating ?lm. As a result, 
oxygen and moisture can be prevented from entering. 

In order to enhance the contrast, a polariZer or a circular 
polariZer may be provided in a display region of the ?rst 
substrate 300 or a display region of the second substrate 315. 
As a result, quality of the black display can be enhanced and 
the contrast can be improved. 
A display device having such a pixel con?guration emits 

light based on a video signal inputted from the signal line. 
Speci?cally, the video signal is an analog signal having a 
voltage value, as described above. When the analog signal is 
inputted When a sWitching TFT is ON, a driving TFT is 
turned ON and the light emitting element emits light based 
on the gate-source voltage (V gs) of the driving TFT. 

For example, in a display device having the ?rst electrode 
311 and the second electrode 313 formed of a material Which 
transmits light, light is emitted in both directions (directions 
of arroWs) relatively to the light emitting element as shoWn 
in FIG. 7A. Such a display device can transmit light When 
no light is being emitted. 

In a display device having the second electrode 313 
formed of a material Which transmits light, light is emitted 
only to the sealing substrate 315 side as shoWn in FIG. 7B. 
Therefore, the ?rst electrode 311 is formed of a material 
Which does not transmit light. Furthermore, it is preferable 
to form the ?rst electrode 311 of a highly re?ective material. 
The other parts are similar to FIG. 7A, therefore, the 
description is omitted here. In the case Where the aperture 
ratio may be reduced due to the transistors in the pixel, it is 
preferable that the light be emitted to the sealing substrate 
315 side as shoWn. 

In a display device having the ?rst electrode 311 formed 
of a material Which transmit light, light is emitted only to the 
?rst substrate 300 side as shoWn in FIG. 7C. Therefore, the 
second electrode 313 is formed of a material Which does not 
transmit light. Furthermore, it is preferable to form the 
second electrode 313 of a highly re?ective material. The 
other parts are similar to FIG. 7A, therefore, the description 
is omitted here. 
As shoWn in FIGS. 7B and 7C, by using a highly 

re?ective conductive ?lm for the electrode of the light 
emitting element provided on a side to Which the light is not 
emitted, light can be effectively utiliZed. 

In this embodiment mode, the electrode Which transmits 
light is formed by forming a conductive ?lm Which does not 
transmit light so as to be thin enough to transmit light and 
stacking thereover a conductive ?lm Which transmits light, 
for example an ITO. 

EMBODIMENT MODE 5 

A display device having the pixel con?guration described 
in the aforementioned embodiment modes can be applied to 
various electronic apparatuses. The electronic apparatuses 
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14 
include a portable information terminal (a portable phone, a 
mobile computer, a portable game machine, an electronic 
book and the like), a video camera, a digital camera, a 
goggle type display, a display, a navigation system, and the 
like. Speci?c examples of these electronic apparatuses are 
shoWn in FIGS. 8A to SE. 

FIG. 8A illustrates a display including a housing 4001, an 
audio output portion 4002, a display portion 4003 and the 
like. The display device having the pixel con?guration of the 
invention can be applied to the display portion 4003. As a 
result, a display With less effect of variations of driving 
transistors can be performed even in the loW gray scale 
display. It is to be noted that the display device includes all 
display devices for displaying information such as for a 
computer, TV broadcasting receiver, and advertising display. 

FIG. 8B illustrates a mobile computer including a main 
body 4101, a stylus 4102, a display portion 4103, operating 
buttons 4104, an external interface 4105 and the like. The 
display device having the pixel con?guration of the inven 
tion can be applied to the display portion 4103. As a result, 
a display With less effect of variations of driving transistors 
can be performed even in the loW gray scale display. 

FIG. 8C illustrates a game machine including a main body 
4201, a display portion 4202, operating buttons 4203, and 
the like. The display device having the pixel con?guration of 
the invention can be applied to the display portion 4202. As 
a result, a display With less effect of variations of driving 
transistors can be performed even in the loW gray scale 
display. 

FIG. 8D illustrates a portable phone including a main 
body 4301, an audio output portion 4302, an audio input 
portion 4303, a display portion 4304, an operating sWitch 
4305, an antenna 4306, and the like. The display device 
having the pixel con?guration of the invention can be 
applied to the display portion 4304. As a result, a display 
With less effect of variations of driving transistors can be 
performed even in the loW gray scale display. 

FIG. 8E illustrates an electronic book reader including a 
display portion 4401 and the like. The display device having 
the pixel con?guration of the invention can be applied to the 
display portion 4401. As a result, a display With less effect 
of variations of driving transistors can be performed even in 
the loW gray scale display. 
As described above, an application range of the invention 

is quite Wide and the invention can be applied to electronic 
apparatuses of various ?elds. By applying the invention, a 
display With less effect of variations of driving transistors 
can be performed even in the loW gray scale display. 
Moreover, by using a ?exible substrate for an insulating 
substrate of an active matrix substrate, a thin and lightWeight 
device can be realiZed. 

Next, results of the evaluation of variations of driving 
TFTs in the case of 64-gray scale (6-bit) display are shoWn. 

In the highest luminance 63 of the high gray scale display, 
the current is set 0.56 uA (200 cd/m2) and a drain-source 
voltage (V ds) of the driving TFT is set —l5 V. Table 1 shows 
values of L/ W When the length of the channel length of the 
driving TFT of each sample is L and the length (Width) 
perpendicular to the channel length of the driving TFT of 
each sample is W. 

TABLE 1 

sample 1 sample 2 sample 3 sample 4 

L/W 80/4 120/4 320/4 480/4 






